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1. Summary
Salinity became a problem on the Esperance Downs Research Station within a few
years of it being cleared.  It is now estimated that almost 40 per cent of the station is
to some extent affected by salinity and associated waterlogging.  These areas have
groundwaters with a conductivity of more than 2000 mS/m within two metres of the
surface.
Surface and shallow subsurface drains have reduced the salt-waterlogging problem
in a part of the station.  However the drained area still cannot be used for cropping.
In addition the discharge from the drains has degraded an uncleared area on the
station.  Perennial pastures and salt-tolerant grasses have been tried on the station
with mixed results.
As the station was cleared before most of the surrounding areas, it is likely that
similar salt-waterlogging problems will become common in the Esperance sandplain
in the near future.
At a meeting in Esperance in February 1990 it was decided that the eastern section
of the station would be used to demonstrate and research methods of obtaining
production from areas affected by salinity and waterlogging (Appendix 4).  Where
economically feasible, areas would be reclaimed.
This report details the situation on the station so that the demonstration and research
programs can be designed and the effect of the treatments assessed.  Past work on
the station has been briefly summarised and the results of geophysical surveys and
additional drilling are given.
Surveys of electromagnetic terrain conductivities have shown where salinity is most
serious at present.  The most deeply penetrating method may have identified areas
likely to developing salinity in future.  Magnetic mapping had limited value on the
station, possible due to the groundwater systems being wholly contained within
Tertiary sediments overlying Proterozoic basement rocks.  Bedrock is very uneven
under the station, which is inhibiting groundwater flows in the northern area.  Low
gradients in creek lines inhibit surface drainage.
Saline groundwaters cannot be safely or economically drained from the station.
Therefore plants will need to be found that use more water than is being used at
present.  The plants will need to be in both the non-saline and in the saline areas of
the station as recharge is occurring in both areas.  Additional surface drainage is
warranted to reduce waterlogging of low lying parts of the station.
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2. Introduction
2.1 Location
Esperance Downs Research Station (EDRS) is located 28km NNW (33°37 S, 121°
48 E) from the south coastal town of Esperance.
The station has a total area of 957 ha and is divided by the Esperance to Coolgardie
Highway (Figure 1).  About 227 ha in the north west of the station is uncleared.
2.2 Reason for the report
Methods of obtaining production from areas affected by salinity and waterlogging are
to be evaluated on the station in the near future (Appendix 4).
This report reviews information that is relevant to deciding which plants will grow on
different parts of the station.  The information that is reviewed includes climate, soil
types, surface and subsurface hydrology, and soil and groundwater salinity.
In addition to reviewing existing information, additional work was done on the station.
A survey of electromagnetic terrain conductivity was carried out to estimate soil
salinities to six metres depth.  Drilling was undertaken to define the hydrogeology of
the southern part of the station.
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Figure 1:  Location of the Esperance Downs Research Station in relation to drainage
lines
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3. Background
3.1 History of clearing and salinity
The development of secondary salinity in relation to clearing in the Esperance Shire
can been seen from Australian Bureau of Statistics (ABS) surveys (Table 1).  There
was a rapid increase in the cleared area between 1979 and 1984 and a jump in salt-
affected land between 1984 and 1989.  The lag between clearing and salinity cannot
be accurately deduced from the table as the ABS data are not very accurate (see
later).
Table 1.  The cleared area and area of salt-affected land in the Esperance Shire,
1974-1989.
Year of survey
Statistic 1974* 1979** 1984*** 1989****
Saltland (km2) 26.22 26.43 37.73 153.84
Area cleared (km2) 6091 7182 9078 9074
Saltland/cleared land (%) 0.4 0.4 0.4 1.7
* Malcolm and Stoneman (1976)
** Henschke (1980)
*** Anon (1988)
**** ABS (1989)
The Esperance Downs Research Station was established in 1949/50.  By 1954,
730ha of the 957 ha property had been cleared.  Clearing in the Esperance Shire
increased rapidly after 1960.  Only about eight per cent of the present cleared land in
the Shire was cleared when the station was cleared.  Therefore those areas with
similar landforms to the station may develop salt-waterlogging problems in the near
future.
Aerial photo interpretation by George (1974) indicated that by 1956 there were 53ha
of salt-affected land on the station, which had expanded to 67 ha by 1967.  The
areas that rapidly became saline after clearing were small swampy depressions,
which probably supported ti-trees (George 1974).  By 1988, 92ha was considered by
Ted Fox to be too saline for any cropping while another 191ha was unsuitable for
lupins and suspect for cereals (Figure 2).  Therefore within 35 years of clearing about
39% of the cleared part of the station was affected by salinity to some degree.
There is a marked discrepancy between the amount of salinity on the station (39%)
and that for the Shire (1.7%).  Part of this will be due to the earlier clearing of the
station and the location of the station in a part of the shire that is susceptible to
salinity.  However while all farmers report bare saline land, many do not report areas
with Mediterranean barley grass (Hordeum geniculatum).  Therefore the ABS
estimate of the extent of salinity in the shire is probably very conservative.
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Figure 2:  Salt-affected areas in 1988 as assessed by Ted Fox.
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3.2 Climate
The most important climatic variables affecting plant growth are the annual
distributions of rainfall and evaporation (Table 2).
Table 2.  Monthly rainfall deciles and monthly Class "A" pan evaporation, (with
bird guard) for Esperance Downs Research Station.  All figures are in
mm.
Decile Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 2 4 2 6 14 26 26 36 22 14 3 5
2 3 6 5 13 24 34 37 42 31 25 8 6
3 5 8 9 18 37 42 45 49 34 29 10 9
4 10 12 10 26 45 54 56 54 39 35 16 12
5 14 16 13 30 49 63 59 58 50 39 20 14
6 22 28 20 37 54 66 62 61 51 42 30 17
7 29 36 24 50 59 71 74 69 73 51 36 20
8 49 52 31 60 69 80 87 77 82 68 41 31
9 54 76 51 82 93 101 103 84 91 77 89 45
Class
“A” pan
275 200 190 130 90 65 75 85 110 150 200 245
The median annual rainfall for the station is 494 mm and the annual Class A pan
evaporation is 1815 mm (3.7 times the rainfall).
For the months on November, December, January, February and March, rainfall in
excess of 10mm can only be expected in six years out of ten.  Therefore any plant
not using groundwater during this period will need to be drought tolerant.  March is
likely to be a critical month for plant survival as it is the driest month and follows four
dry months.
Cox (1988) found that duplex soils at Mount Barker and Narrogin were waterlogged
within 0.3 m of the surface once cumulative winter rainfall exceeded cumulative pan
evaporation by 50 mm.  At the station, rainfall only exceeds pan evaporation for the
wettest months in the wettest years.  However waterlogging is a problem in most
years.  Therefore the soil/landforms on the station appear to be more susceptible to
waterlogging than those at Mount Barker and Narrogin.
Another climatic factor that may limit the selection of species are high summer and
low winter temperatures (Table 3).  January is the hottest month while August is the
coldest.  There are two or three mild frosts each winter on average.
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Table 3.  Monthly minimum and maximum temperatures for Esperance Downs
Research Station.  All values are in degrees Celsius.
Daily maximum temperature
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean 28.6 28.4 26.4 23.1 19.4 16.8 15.9 15.9 18.0 21.6 23.5 26.8
86% 35.7 35.4 32.5 29.7 23.3 20.0 18.3 18.3 21.9 27.8 29.4 34.4
14% 22.5 21.9 20.8 17.8 15.6 14.0 13.4 12.8 13.9 16.1 17.9 20.6
Daily minimum temperature
Mean 13.9 14.4 13.2 11.6 8.7 7.0 6.2 6.0 6.9 8.7 10.5 12.5
86% 17.2 17.6 16.4 15.5 11.6 9.4 8.3 8.3 9.4 11.7 13.4 15.6
14% 10.6 10.8 9.7 7.8 5.6 4.4 3.9 3.6 4.4 5.5 7.2 8.9
86% = 86 percentile (14% of days are above this temperature)
14% = 14 percentile (14% of days are below this temperature)
3.3 Surface drainage
The station is located in the north east of the Dalyup River Catchment, near to its
divide with the Jenabillup-Coramup Creek Catchment to the south east and to the
Caitup Creek Catchment to the south (Figure 1).  Being near the confluence of
several rivers has resulted in a low relief.  The main drainage lines around the station
have areas of primary salinity.
A contour map (0.5 m contour intervals) was produced by the Department of Land
Administration in 1977.  In the northern third of the station, surface waters flow to the
west (Figure 3).  There is a flat area north of the station office which has had its
surface drainage improved by drains.  Surface drainage in the southern two-thirds of
the station is towards the south.  There are two small depressions which overflow
when full and discharge into the major drainage lines.
3.4 Soils
The soils on the station were mapped by Smith (1950, Figure 4).  He identified three
soil series on the station: Fleming, Caitup and Gibson (Figure 5).  The series form a
catena that is thought to have originated from dissection of the sandplain.  Soils in
the least dissected series, Fleming, have a deep sandy "A" horizon with coarse
gravels at the base, overlying a "B" horizon with dense small gravels at the top and
mottled clay below 90 cm.  The Caitup Series soils are in a more dissected part of the
landscape.  They have a moderately deep sandy "A" horizon (which lacks coarse
gravels) over a "B" horizon with small dense gravels and a mottled clay horizon.  The
shallowest soils are the Gibson Series, which lack gravels and have a mottled clay
horizon close to the surface.  The wet phase of the Gibson Sand (which has clay
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within 30 cm of the surface) and low lying Caitup Gravely Sand were noted by
George (1974) to be most affected by salinity.  The map can be used to assess the
root environment for plant species.  The Fleming Series soils may be sufficiently well
drained to grow Lucerne or tagasaste, while saltbushes, puccinellia and salt-tolerant
trees may be suitable for Gibson Series soils.
Figure 3:  Catchment boundaries and directions of surface water flow on the station.
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Figure 4:  Soils map of the station (smith 1950).
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Figure 5:  Main Soil Series and Types on the station
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3.5 Geology
The station is within the Albany-Fraser Orogen (Myers and Hocking 1988) which
abuts the Archaean Yilgarn Block to the north.
In the station area the basement rocks should be a mixture of granite and gneiss of
mid-Proterozoic age.
The basement rocks are unconformably overlain by Plantagenet Group sediments
(predominantly siltstone) of Eocene age.
The Werrilup Formation is restricted to well defined basement channels and lows
(Morgan and Associates 1988) and are therefore unlikely under the station.
The Pallinup Siltstone, which is likely to underlie the station, contains bands of
siltstone and claystone (Morgan and Associates 1988).  The water supply from the
siltstone is small due to the fine silty nature of the formation having a low hydraulic
conductivity (Morgan and Peers 1973).
Sea levels during the Eocene reached about 270 m above the current level (the
station is about 150 m above sea level).  This silted the old river valley systems.  With
only limited rejuvenation of the rivers following the fall in sea level, the valleys have
become palaeodrainage features with no outlets for the groundwater.  Consequently
the old valleys are now occupied by salt lakes.  Potable groundwater supplies are
rare in the Plantagenet Group sediments north of Fisheries Road (Morgan and
Associates 1988).
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4. Previous Hydrological Work
4.1 Hydrogeology
In 1976, nine bores were drilled along an east west transect (Figure 6).  Bedrock
highs were encountered at bores 8 (1.9m) and 10 (4.6m).  Close to the creek the
groundwater gradients were about three times greater than in the east (George
1978).  Saline soils were associated with low lying areas, particularly when upslope
of a basement high.  In cleared areas, watertables and salinities responded rapidly to
rainfall, indicating that the groundwaters were unconfined (George 1978, George and
Bull 1979) .  Groundwater mounds were detected beneath flood prone areas and
surface drains were recommended for the removal of water before it infiltrated and
became recharge (George 1979).
In 1978, 19 more bores were established on the northern part of the station, making
a total of 28 (Figure 7).  Fifteen of the bores were in cleared areas and 13 in the
bush.  Six of the bores in the cleared area (bores 1, 6, 7, 10, 22 and 23) have been
broken and in-filled.
Groundwater levels beneath the cleared areas were within three metres of the
surface while in uncleared areas they were generally more than five metres deep
(George 1982).  Salinity problems were observed when the groundwater levels were
within 1.5m of the surface, particularly if the area was subject to flooding.  Flooding
raised groundwater levels and reduced plant growth.  Subsequent wind erosion
brought the soil surface closer to the groundwater, exacerbating salinity (George
1974).
George (1978, 1982) reported groundwater salinities ranging from 8000 mg/L total
soluble salts (TSS) under elevated parts of the station to more than 35000 mg/L TSS
in discharge areas.  Between 230 and 250 t/ha of salt was found stored under
uncleared areas (George 1978).  George (1978) estimated the specific yield of the
aquifer to be 0.02.  If this estimate is correct, groundwater levels should rise by 50
mm for every 1 mm of recharge.
4.2 Drains
Surface drains were installed on the northern part of the station in 1980 and 1981 to
remove ponded waters.  In April 1981, tube drains were installed in trenches in an
area shown by drilling to have bedrock within 2 to 3 m of the surface  (George and
Nulsen 1985).  These drains discharged by gravity into a W drain.  About six hectares
were drained at a cost of $1200 per hectare (1981 prices).  Between 1981 and 1984
these drains removed between 22 and 55 mm of water, and between 21 and 45 t
salt/ha/annum.  Barley yields up to 1.8 tonnes per hectare were obtained from the
site.
In April 1984 a flat site with bedrock at 10m depth was drained using tube drains
installed using a pipe layer (George and Nulsen 1985).  About 18 ha were drained at
a cost of $1000 per ha (1984 prices).  The drainage waters had to be discharged
using a pump and operating costs would need to be added to costs of installation.
The drains removed about 55 mm of water and 170
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Figure 6:  Cross-section across the Northern part of the station (after George 1982).
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Figure 7  :Location of bore holes and fences on the station.
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5. Materials And Methods
5.1 Survey methods
Magnetic and electromagnetic terrain conductivity measurements were carried out
along 60.9 km of survey lines which were oriented approximately east-west across
the station (Figure 8).  The lines were located 125 m apart in a north-south direction
and readings were made every 50 m along each line.  The directions were
determined by compass readings and the distances by measuring wheel.  Pegs were
located at the end of each transect so the original lines can be resurveyed in future to
detect changes in conductivity with time.  The transects were located on a map of the
station which required some realignment to account for small errors in compass
readings.
There were four members of the surveying team.  The first member used the
compass and measuring wheel and marked the points where readings were to be
taken.  The subsequent three members carried a magnetometer, an electromagnetic
induction meter capable of measuring to 0.4 and 1.0 m (EM38), and an
electromagnetic induction meter capable of measuring to 6 m (EM31).  A separation
of 50 m was maintained between the instruments to reduce the likelihood of
interference.
5.2 Magnetic methods
The principal of the magnetic method depends upon the presence of magnetic
minerals such as magnetite, ilmenite, pyrrhotite and maghemite in rocks and soils.  In
the vicinity of these minerals the earth's magnetic field is distorted which results in an
anomalous area on a map.  The intensity of the anomaly will depend upon the depth
of burial, the degree and intensity of magnetism and the orientation of the magnetic
formation in relation to the earth's magnetic field.
The strength of the vertical component of the earth's magnetic field can be measured
by portable magnetometers.  These instruments have been used in the wheatbelt to
detect dolerite dykes which have a higher magnetic susceptibility than surrounding
granitic rocks (Engel et al.  1987, McFarlane et al.  1987).  The dykes form rock and
clay barriers to groundwater flow which force the saline groundwaters to the surface.
The magnetic method has been little used on the south coast, particularly in areas
with groundwaters contained within Tertiary sediments.
A Geometries G856 portable proton precession magnetometer with its sensor
mounted on a two metre pole was used to survey the magnetic field under the
station.  After two transects the magnetometer was returned to a base station to
check for drift.
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Figure 8:  Location of the geophysical survey lines.
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5.3 Electromagnetic terrain conductivity
The salinity of the soil profile was measured using two electromagnetic terrain
conductivity meters, a Geonics EMS8 and a Geonics EM31 (McNeill 1980).  Both
instruments have a transmitter and receiver coil which are 1.0 m apart on the EM38
and 3.7 m apart on the EM31.  When operated with a vertical orientation the EM38
has a theoretical depth of penetration of about 1.0m with the maximum signal coming
from about 0.4m.  In the horizontal orientation the theoretical depth of penetration is
about 0.4m with the maximum signal coming from the surface.  The EM31 is
operated in the vertical mode and has a theoretical depth of penetration of about 6 m
with the maximum signal coming from about 2.4 m.
The transmitter coil produces a primary electromagnetic field which penetrates the
ground.  A secondary electromagnetic field is induced in the ground in such a
manner that its amplitude is directly proportional to the terrain conductivity (the
reciprocal of resistivity).  The ratio between the primary and secondary magnetic
fields is measured by the voltage induced in the receiver coil.  The instruments
display the conductivity reading on a meter.
At the time of the survey (early April 1989), a calibration of the EM38 was carried out
by taking instrument readings (ECa) and soil samples from 14 sites with a range of
textures and ECa's.  Samples of soil were taken from 0 to 30, 30 to 60 and 60 to 90
cm depth and analysed for gravimetric water content (GWC), electrical conductivity of
a saturated extract (ECe) and saturation percentage (SP).  At the time of sampling,
only the soils in saline discharge areas were wet.
5.4 Drilling
The northern third of the station has been extensively drilled.  In December 1989 an
additional ten holes were drilled with the Gemco HM7 rotary auger rig in the southern
two-thirds of the station.  The holes were located to enable a groundwater flow net to
be constructed for the station and to ensure that magnetic anomalies were drilled.
Soil samples were collected every metre for analysis of ECe, el, EC 1:5, pH and SP.
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6. Results And Discussion
6.1 Magnetic survey
There are two high anomalies which run linearly through the station (Figure 9).  The
strongest anomaly strikes slightly east of north and is closest to bores 1, 8, 14 and
32.  The depth to basement in these four bores is 1.8, 1.9, 10.1 and 5.2 m
respectively which is generally less than the average for the station which is 8.2 m.
The second anomaly strikes true north and is closest to bores 23 and 38.  The depth
to basement in these two bores is 14.0 and 14.8 m respectively.  In bore 38 there
was a strong hardpan between one and four metres depth which was not
encountered in the other holes drilled in 1989.
There is a broad anomaly with a low magnetic intensity which strikes north and runs
through the western part of the station.  Areas with a high intensity adjacent to the
low may be due to the dipole effect.  The low intensity area is closest to bores 16, 25
and 36 which have depths to basement of 10.4, 9.2 and 12.5 m.  The area west of
the highway has poorer resolution than those in the east due to magnetic storms
occurring during the survey.  The storms were particularly severe when the northern
part of the western area was measured and these data have not been contoured.
The magnetic anomalies are probably caused by differences in the magnetic
susceptibility in the Proterozoic rocks which underlie the Tertiary sediments.  It was
hoped that the anomalies may be associated with rocks with different susceptibilities
to weathering and the magnetic maps would show where bedrock highs were
present.  However only the strongest anomaly appears to be related to shallow rock.
It is possible that the magnetic method has limited application in areas with
sedimentary aquifers.
6.2 Electromagnetic terrain conductivity
6.2.1 EM38
Calibrations
The best calibrations between the instrument readings (ECa) and the electrical
conductivity of a saturated extract (ECe) when the EM38 was in the vertical
orientation were:
ECa = 35.8 + 0.150Ece 60-90 r2 = 0.932
ECa = 39.5 + 0.196Ece 30-60 r2 = 0.874
ECa = 53.6 + 0.188Ece 0-30 r2 = 0.732
P < 0.001
Where Ece 60-90 is the ECe (mS/m) of soil from between 60 to 90 cm depth etc..
Equations with other independent variables are in Appendix 1.
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Figure 9:  Simplified magnetic contour map of the station.
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Figure 10:  EM38 – Vertical Calibration
Figure 11:  EM38 – Horizontal Calibration
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While these calibrations explain a high degree of the variability in ECa, they are
affected by a single reading in a highly saline area (Figure 10).  As a linear calibration
is expected, this value was retained so that highly saline areas were accurately
mapped.
The best correlation came from 60 to 90 cm depth which is slightly deeper than
expected for the instrument.  The correlation becomes progressively worse with
shallower layers.  This may be due to there being insufficient water at shallow depths
for a current to be induced.  The soil texture of the upper layers is also much lighter.
The best calibrations between ECa and ECe when the EM38 was in the horizontal
orientation were:
ECa = 23.9 + 0.119Ece 60-90 r2 = 0.950
ECa = 26.7 + 0.156Ece 30-60 r2 = 0.897
ECa = 53.6 + 0.188Ece 0-30 r2 = 0.732
As for the vertical orientation, the correlations are high due to a single highly saline
site (Figure 11) and the best correlations are with the deeper levels.  The best
correlations are below the theoretical depth of penetration of the instrument.  This
may be due to the dry surface allowing the electromagnetic field to penetrate to
greater depths than would occur were the soil wet.  There are high correlations
between salt storages at the differer example the correlation between the Ece 0-30
and Ece 60-90 was 0.949.  Therefore even though the soil may be dry and the main
signal is coming from depth, the ECa readings are a good indication of surface salt
storages.
The map of ECe as measured by the EM38 in the vertical orientation shows that
large areas in the north, east and south of the station are affected by salinity to some
extent (Figure 12).  The map agrees well with that produced by Ted Fox in 1988
(Figure 2).  Soils with an ECe above 200 mS/m are likely to cause problems for salt
sensitive plants when waterlogged (Barrett-Lennard pers.  comm.) while those above
400 mS/m will cause problems in the absence of waterlogging (Brian Wren pers.
comm.).  From the calibration of the EMS8 it is evident that salinities increase with
depth so that the important consideration for deep rooted species may be the salinity
of the subsoil.
The map of ECe as measured by the EM38 in the horizontal position is similar to that
for the vertical orientation except that the areas with high salinities in the top 30 cm
are emphasised (Figure 13).  This is due to a lower depth of signal penetration.
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Figure 12:  ECe (ms/m) of the top metre of soil in April 1989 as estimated by the
em38 in the vertical orientation.
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Figure 13:  ECe (ms/m) of the top metre of soil in April 1989 as estimated by the
EM38 in the horizontal orientation.
SALINITY AND WATERLOGGING IN THE ESPERANCE DOWNS RESEARCH STATION
24
6.2.2 EM31
The map of ECe as measured by the EM31 instrument shows salt storages down to
six or more metres (Figure 14).  A calibration from 79 bores in the wheatbelt was
used to relate ECa to ECe.  This calibration was:
ECa = 32 + 0.052Ece 0-8 r2 = 0.471
Where Ece 0-8 is the average electrical conductivity of saturated extracts between 0
and 8 m.
There is a low salinity area running through the station which strikes slightly east of
north and coincides with the strongest magnetic anomaly.  This suggests that the
magnetic anomaly does indicate a bedrock high as rock has a low conductivity.
6.3  Hydrogeology
6.3.1 Groundwater flow
A groundwater mound occurs in the north east of the station with a smaller mound in
the centre (Figure 15).  Both mounds coincide with topographic highs (Figure 3).
Groundwater flow is towards the west and south away from the mounds.  There may
be smaller flow systems associated with other topographic highs and the two
depressions shown on the surface drainage map (Figure 3).  Above the 152 m
isopotential the groundwater gradients are low.  In this area groundwater flow rates
are likely to be low.  This area is very flat and has sluggish surface drainage.
6.3.2 Depth of the basement
The depth of unconsolidated sediments under the station is very variable.  The three
bores closest to the saline drainage lines west and south of the station (bores 13, 37
and 38) have the deepest profiles (14.2, 25.2 and 14.5 m respectively).  This would
be expected if the saline drainages are in-filled palaeodrainage lines (Morgan and
Associates 1988).
The contour map of the basement (Figure 16) show ridges and valleys aligned in a
north-south direction in the north of the station.  This is transverse to groundwater
flow directions.  The eastern ridge corresponds reasonably well with the strongest
magnetic anomaly while the central valley corresponds with the second strongest
magnetic anomaly.  The deep basement beside the western and southern drainage
lines is apparent from Figure 16.
6.3.3 Depth of the watertable
The depth of the watertable was estimated for cleared parts of the station in June
1990 (Figure 17).  About 3% of the cleared area has a watertable within 1m, 41% has
one between 1 and 2 m, 51% has one between 2 and 3 m and 5% has one greater
than 3 m.  The seasonal fluctuation of the watertable is about one metre.
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Figure 14:  ECe (ms/m) of the top six metres of soil in April 1989 as estimated by the
em31.
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Figure 15:  Groundwater isopotential is and flow lines in June 1990.
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Figure 16:  Topographic contour map of the basement under, the station as
estimated from drill holes (m).
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Figure 17:  Depth to the water-table in June 1990-except in the in the bush area (NW)
which is in august 1989 (m)
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6.3.4 Groundwater salinities
The salinity of groundwater under cleared part of the station was determined in June
1990 (Figure 18).  Only a broad appreciation of salinities can be obtained from the
map given the sampling density and considerable spatial and seasonal variability.
About 15% of the cleared area has groundwater salinities below 2000 mS/m (about
5500 mg/L TSS), 46% has groundwaters between 1000 and 2000 mS/m (about
11,000 mg/L TSS), 24% has groundwaters between 2000 and 3000 mS/m and 15%
has groundwaters in excess of 3000 mS/m (about 16,500 mg/L TSS).
Groundwater salinities vary throughout the year being lowest towards the end of
winter and highest towards the end of summer.  Most surface salinities fall by about
50% in winter with some being only 10 to 20% of their summer value.  If salt-tolerant
plants can lower the watertable then the accumulation of salt in surface soils over
summer should decrease.
6.3.5 Salt storages
Salt storages were estimated from ten drill holes in the southern part of the station
(Appendix 3).  The average store was 2534 t salt/ha with a range of 92 to 14,168 t
salt/ha.  Very high storages occur where holes are deep in the southern part of the
station and very low storages occur where basement is shallow.
6.3.6 Trends in groundwater levels.
Of the 28 bores for which long term records are available, five have only a few
readings (bores 1, 10, 11, 12 and 20).  Plots of the other 23 bores are shown in
Appendix 2.
The bores can be grouped into two; those with watertables within two metres of the
surface and those with deeper watertables.
The records of those bores with shallow watertables show a seasonal rise and fall
within a fairly narrow range.  This results from increased evaporation when the
watertables are high (and vice versa) which buffers the watertables from marked
rises (and falls).  Therefore the record from these bores is of limited value for
estimating the rate of groundwater rise on the sandplain.  However they do provide
levels for determining the effect of management on groundwater levels.  Despite the
buffering, several of the bores show a slight rise in level in the past 11 or 12 years
(e.g.  bore 4).
All of the bores with a watertable more than two metres below the surface (bores 5,
13, 19, 21, 27 and 28) are in the uncleared area.  All these bores show an increase in
levels ranging from 0.02 to 0.21 m/y (an average of 0.10 m/y).  The native vegetation
appear to be incapable of preventing groundwater levels from rising.  Some trees are
unhealthy due to the addition of saline waters from the drains.
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Figure 18:  Groundwater salinity map of the station on June 1990 and bush area
February 1990 (mS/m).  (Seawater = 6200mS/m)
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7. Conclusions
Salt-waterlogging problems on the station have resulted from poor surface and
subsurface drainage, particularly in the north and east.  From surface and watertable
contours, it is apparent that drainage could be improved in the west and south of the
station.  However there are off-site problems with the discharge.  Therefore the best
option for obtaining production from the salt-waterlogged areas is to find economic
plants which can grow under these conditions.  It may also be possible to grow small
areas of non-economic plants that improve the condition of adjacent areas.
The groundwater under the station appears to be unconfined and receives recharge
over large areas.  While the recharge will temporarily lower groundwater salinities it
will also raise groundwater levels and increase the salinity of the surface soils.  With
poor production from the affected areas it is likely that the areas will continue to
expand until discharge (mainly soil evaporation) balances the recharge.
Plants which will survive and grow on the station will be required to withstand
extremes of drought and flooding as well as high salinities and temperatures.  These
conditions have been detailed in the report.  The plants may also need to withstand
high grazing pressures in the autumn when there is a shortage of feed in non-saline
areas.  Some modifications of the soil surface (e.g.  mounding) may be possible to
improve conditions for plants.  However it 'is unlikely that much of the excess water
can be economically and safely drained from the areas with low slopes.
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10. Appendices
10.1 Calibration of the EM38
The best calibration for the EMS8 when orientated in the vertical direction was:
ECa = - 7.5 + 0.133Ece 60-90 + 4.88GWC 60-90 r2 = 0.977
P < 0.001
Where ECa is the apparent EC (from the EM38), ECeg0_90 is the EC (mS/m) of a
saturated extract for the soil from between 60 to 90 cm depth, and GWC 60-90 is the
gravimetric water content (%) for the soil from between 60 and 90 cm depth.
While 93% of the variability in ECa can be explained by ECe alone, a further 5% can
be explained with the inclusion of GWC (which may be highly correlated with clay
content).  There were close correlations between GWC and saturation percentages
(0.93, 0.89 and 0.76 for the three depths respectively).  There is also likely to be a
good correlation between these variables and clay content.  This is due to soils
containing abundant clay having high saturation percentages and high water holding
capacities.  Separating the effects of clay and water content on ECa may be difficult.
The best calibration for the EM38 when orientated in the horizontal direction was:
ECa = - 5.9 + 0.108Ece 60-90 + 3.37GWC 60-90 r2 = 0.984
For most purposes there is no need for great accuracy in the readings.  Taking the
readings at the end of a wet winter may produce errors due to the salts which affect
plant growth in autumn having been temporarily leached to a greater depth over
winter.  The best time for taking readings may be two to three months after the break
of season when the salts are still close to the surface but the soils are wet enough to
conduct a current.
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10.2 Plots of groundwater levels  - E.D.R.S.
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E.D.R.S.
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10.3 Analyses of drill samples.
Site Depthmetre pH
EC1: 5
mS/m Cl %
SATn.
%
Ece
mS/m
t salt/ha
(calc)
E29 1 6.8 19 0.03 36.9 187
2 7.5 55 0.07 51.7 384
3 7.4 46 0.06 39.7 451 92
4 7.3 76 0.11 37.1 795
4.3 7.4 75 0.10 34.4 847
E30 1 6.2 37 0.06 36.6 338
2 hardpan 6.9 75 0.11 46.1 608
3 7.1 72 0.11 43.0 632
4 7.2 71 0.10 41.5 708 323
5 7.1 78 0.11 33.0 819
6 7.0 76 0.11 34.5 863
7 6.9 222 0.35 45.5 1916
7.2 bit 7.4 114 0.17 34.7 1292
E31 1 7.2 27 0.03 27.9 346
2 9.2 171 0.23 37.6 1656
3 8.7 925 1.62 46.3 7720
4 8.9 730 1.24 48.8 5970
5 8.7 2080 3.82 42.6 13830
6 8.7 1122 1.96 38.5 8950 6035
7 8.8 1343 2.37 37.6 11800
8 8.7 987 1.68 33.0 10200
9 8.5 1128 1.94 35.2 10880
10 8.5 1100 1.80 40.1 9720
11.1 bit 4.8 663 1.06 29.0 7890
E32 1 6.1 74 0.10 29.8 1135
2 6.7 111 0.16 40.0 1036
3 7.4 32 0.05 40.9 305 180
4 7.9 40 0.05 39.6 380
5 7.4 115 0.17 34.1 1260
E33 1 6.1 29 0.04 32.6 278
2 4.6 129 0.18 45.8 1051
3 4.1 195 0.32 66.2 1288
4 4.0 221 0.34 75.0 1448
5 4.0 440 0.76 71.5 3040 2101
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6 A.  2 685 1.28 61.1 4920
7 D.O 431 0.78 54.1 3630
8 5.6 493 0.90 53.4 4160
9 6.5 419 0.78 51.2 3540
10 6.2 429 0.80 51.2 3820
E34 1 6.8 24 0.03 39.4 293
2hardpan 7.5 68 0.10 43.8 598
3 7.7 74 0.10 42.2 700
4 7.8 119 0.17 38.9 1339 374
5 7.6 217 0.33 36.2 2770
6 7.4 239 0.37 33.2 2490
6.5bit 7.8 130 0.19 34.8 1483
E35 1 7.2 10 0.01 28.3 121
2 5.4 39 0.05 56.8 265
3hardpan 5.6 22 0.03 36.4 212
4 5.3 33 0.04 39.0 340
5 5.2 31 0.04 37.9 325
6 6.7 47 0.07 35.2 530 197
7 6.3 86 0.12 37.4 909
8 6.3 71 0.10 38.1 793
9 6.3 56 0.08 39.9 623
10 bit 7.6 31 0.04 37.6 360
E36 1 7.1 12 0.01 40.3 87
2 8.5 31 0.03 45.8 215
3 8.6 35 0.04 44.8 260
4 8.5 34 0.04 44.3 260
5 7.8 102 0.14 31.7 1263
6 7.7 185 0.28 39.0 1852 765
7 7.7 176 0.27 40.4 1828
8 7.7 174 0.26 39.4 1906
9 7.6 208 0.32 40.5 2150
10 7.7 202 0.31 40.0 2210
11 7.6 206 0.32 39.8 2440
12.5bit 7.5 156 0.23 36.6 1684
E37 1 7.1 30 0.04 33.9 356
2 7.3 109 0.16 43.2 924
3 7.3 124 0.19 44.0 1047
4 7.2 128 0.20 36.3 1326
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5 7.3 499 0.85 32.4 5910
6 7.3 555 0.96 31.8 6200
7 7.4 655 1.18 37.7 6610
8 7.2 523 0.90 39.1 5220
9 7.6 995 1.90 46.9 8690
10 7.5 656 1.18 41.2 6460
11 7.3 498 0.83 42.6 5170
12 7.3 906 1.65 46.1 7590
13 7.3 650 1.12 43.5 5780
14 7.4 767 1.36 46.5 6310 14168
15 7.4 652 1.26 43.2 6040
16 7.4 737 1.30 48.0 5720
17 7.5 818 1.45 42.7 6830
18 7.6 1139 2.08 47.2 7350
19 7.7 1089 1.91 42.2 8770
20 7.0 1201 2.21 49.5 8870
21 7.5 1235 2.19 46.4 9510
22 7.5 1612 2.89 42.2 10320
23 7.6 1554 2.72 45.4 10740
24 7.9 1593 2.81 43.9 11500
25 7.8 2120 3.82 42.0 13350
26 8.0 1642 2.95 43.6 12300
27bit 7.5 904 1.56 35.5 8530
E38 1 6.2 35 0.06 32.6 387
2hardpan 6.2 72 0.11 40.9 635
3  " 5.9 52 0.08 36.5 504
4  “” 5.9 57 0.09 31.3 626
5 6.2 71 0.11 28.7 867
6 6.4 54 0.08 32.0 583
7 6.6 58 0.08 33.0 692
8 7.0 262 0.42 38.0 3180 1108
9 7.0 160 0.24 34.5 1960
10 7.7 218 0.34 37.5 2550
11 7.1 207 0.33 41.8 2280
12 7.0 292 0.48 43.8 2970
13 6.8 206 0.32 35.2 2560
14 5.6 204 0.31 34.9 2390
15.2bit 7.3 133 0.21 38.9 1351
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10.4 Report on a meeting held to discuss the future of the
Esperance Downs Research Station - 28th February, 1990.
Don McFarlane, Research Officer, Albany Regional Office
Background To The Meeting
About 283 ha on the Esperance Downs Research Station is affected by salinity (and
associated waterlogging) such that it cannot be used for normal experiments.  This is
about 39 % of the cleared area on the station.  As 92 % of the farmland in the
Esperance Shire was cleared after the station was cleared, it is likely that large areas
on the sandplain will develop a problem similar to that on the station in the next ten
years.
The Australian Bureau of Statistics estimated that the area of salinity in the
Esperance Shire increased from 3,773 to 15,384 hectares between 1984 and 1989.
This represents an increase from 0.4 to 1.7 % of the cleared land.  The ABS
estimates probably underestimate the areas affected by salinity as indicated by the
following:
1. The station occupies about 0.08 % of the Shire but accounts for over 1.8 % of the
salinity reported in the Shire.
2. Soil surveys in the Coobridge Creek Catchment west of the catchment have
shown that about 2.9 % of farmland is already affected by salinity and another 3.6
% is at risk of going saline in the near future.
3. Farmers who inspected the affected areas on the station commented that they
would have under-reported similar areas on their farms in the ABS survey.
4. In the Plantagenet Shire the ABS survey reported 4,256 ha of salt-affected land
(2.4 % of cleared land) while detailed mapping of 3.4 % of the shire showed
1,445 ha of affected land (14 % of cleared land).
In addition to the salinisation of land, the rising watertables have resulted in many
farm dams on the sandplain having to be abandoned.  As all water supplies are
provided on-farm in the Shire, this is a serious situation for the sheep and cattle
industries.
A meeting was held in Esperance to discuss the possible use of the station for:
1. researching methods of managing saltland on the Esperance Sandplain, and
2. demonstrating established methods of obtaining production from areas affected
by salinity and waterlogging.
The rest of this appendix summarises the results of that meeting.
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Attendees:
Mr Ron Parkin Director, Division of Extension and Regional Organisation (DERO)
Dr John Hamblin Regional Manager, South Coast Agricultural Region
Mr Ted Fox Manager, Esperance Downs Research Station.
Mr Colin Norwood Acting Manager, Salmon Gums Research Station
Mr Steve Trevenen Operations Manager, DERO
Dr Don McFarlane Research Officer, Albany Regional Office
Dr Ed Barrett-Lennard Research Officer, Albany Regional Office.
Dr Gil Craig Research Officer, Albany Regional Office.
Mr Steve Hearn Research Officer, Esperance Agricultural Centre.
Mr Jeremy Lemon Adviser, Esperance Agricultural Centre.
Mr David Bicknell Research Officer, CALM, Esperance.
Mr Rob Agnew Esperance Land Conservation District Committee (LCDC).
Mr Stewart Hockey Esperance LCDC
Mr Ian Mickel Chairman, Esperance Research and Extension Advisory
Committee
Mr Phil d'Emden Esperance LCDC
Mr Greg Kleinig Farmer, Esperance.
Apologies
Mr Laurie Cransberg Research Officer, Albany Regional Office.
Mr Allan Herbert Officer in Charge, Esperance Agricultural Centre.
Dr Bob Nulsen Principal Officer, Hydrology and Water Resources Branch.
The situation on the station was outlined by Don McFarlane and Ted Fox.
Geophysical methods had mapped the salt storage in the soil profile.  These maps
correspond very closely with visual assessments by Ted Fox.
Salt-affected areas were then visited in the field.  Ted Fox noted that the carrying
capacity of the northern part of the station had declined from ten to five dry sheep
equivalents per hectare after becoming salt affected.  Saline areas were continuing to
expand, particularly after wet years.  Surface and subsurface drains had improved
the situation but had not solved the salt-waterlogging problem and cost over $1000
per hectare (1984 prices).  There were also problems with disposing of the saline
waters.
The meeting continued at the Esperance Agricultural Centre.  After several hours of
discussion the following points were agreed.
1. The part of the station that lies east of the Esperance-Norseman Highway will be
used for demonstrations and research on methods of managing saltland.  The
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area (about 500 ha) includes some deeper sandy soils not yet affected by salt or
waterlogging.  Some runoff and groundwater flows onto this part of the station
from the north.  Arrangements will be made with the northern neighbour to accept
and manage the runoff and with the neighbours to the south where any drainage
waters will be disposed.
2. A farm plan will be drawn up for the eastern part of the station by Peter Muller
(who is currently compiling farm plans for farmers in the Coobridge Creek
Catchment).  Once the plan is complete, treatments for different parts of the
station will be developed by people expert in revegetation and drainage.  The
treatments discussed at the meeting were:
 I. Improved surface drainage in those parts of the station with sufficient
grade and safe disposal areas so that plants need cope only with salinity
and not with waterlogging and flooding.
 II. On the worst affected areas - saltbushes and salt tolerant grasses (e.g.
paspalum, puccinellia and tall wheat grass) .  Recent work has indicated
that high production from saltbush is possible with site preparation
(surface drainage and deep ripping) and fertiliser.  The possibility of
mixing saltbushes with other species (e.g.  salt tolerant Acacias,
Eucalyptus, Melaleuca and Casuarina) in an agroforestry situation may
also be investigated.  Puccinellia, tall wheat grass and Kikuyu has
already been successfully grown on the station.
 III. On mildly affected areas - forage shrubs  (e.g.  Acacia species).  The
performance of salt tolerant clonal trees could be compared with
commercially available species from local nurseries.  The University Of
Western Australia may be prepared to take part in such an investigation.
 IV. On unaffected areas with suitable soil types - perennial pastures (e.g.
kikuyu, phalaris, Lucerne), fodder shrubs (e.g.  tagasaste), cropping (e.g.
wheat, lupins) and trees.
3. An economic model (FARMS) may be constructed for the eastern part of the
station to determine the net present value of different options.  As little data are
available on production from saltland, a number of sensitivity analyses will be
required.
4. About 75 % of the area will be used for demonstration purposes (with the effect of
the treatments on soil salinity and groundwater levels being monitored) while the
remaining 25 % would be used for research.  Areas most needing research are:
 I. Adaptation trials of species for salt-affected areas
 II. Establishment trials.
 III. Stock management and performance trials.
 IV. The effect of different species and combination of species on soil
salinities and groundwater levels.
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Alan Herbert, in a written submission, advocated the widespread planting of trees on
the station and the establishment of a costed demonstration with which farmers can
compare their own situations.
5. Financial assistance will be required for establishing the demonstration areas, for
researching new systems, for monitoring plant and animal performance and for
monitoring the effect of perennial species on soil salinities and groundwater
levels.
Possible sources of finance are:
 I. A special submission to Cabinet stressing the urgency of the work.
 II. NSCP or State Assistance to Agriculture.  These sources were not
considered very likely to fund the work.
 III. A diversion of resources within the Department (e.g.  Plant Industry,
Resource Management, Regional Organisation).
 IV. Industry funds.  Possible for some research aspects.
6. After the farm plan is developed in April 1990, John Hamblin will produce an
action plan detailing the stages in establishing the demonstration and research
sites on the station.  Some work will be required in 1990 (e.g.  spraying,
mounding to leach salts, raising of seedlings) if plants are to be sown in 1991.
7. A number of points were raised in the wide ranging discussion.  Some of these
are recorded below.
 I. As the station mainly runs livestock at present, evaluating production
from new systems will not conflict greatly with present activities once the
systems have been set up.  It may be necessary to lease land for
cropping trials.  Only the salt-affected areas are free of Rhizoctonia.
 II. Production from salt-affected areas is extremely valuable for farmers until
the autumn feed gap has been filled.
 III.  A move away from broad scale methods of production on the sandplain
is required if we are to grow plants suitable for each salt-waterlogging
niche.  This will require more intensive management than in the past.
 IV. Some treatments (e.g. salt tolerant grasses) will produce forage but have
little effect on groundwater levels whereas others (e.g.  salt tolerant trees)
will improve the situation and allow a wider range of species to be grown.
Little is known about water use by saltbushes and acacias, or about the
effect of grazing on the water use of perennial plants.
 V. Planting large areas to saltbushes will be more economic for farmers if
they raise their own seedlings.  The station should consider establishing
a saltbush nursery and providing advice and costing for farmers.  CES
unskilled labour could be used on such a project.
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 VI. Some areas may be left untreated to provide a demonstration of what the
area was like before treatment and to act as controls for the experiments.
The geophysical maps and groundwater levels will also act as controls
against which changes can be measured.
